1. Deciphering the mechanisms that drive variation in biomass production across plant 23 communities of contrasting species composition and diversity is a main challenge of 24 biodiversity-ecosystem functioning research. Niche complementarity and selection effect have 25 been widely investigated to address biodiversity-productivity relationships. However, the 26 overlooking of the specific role played by key species have limited so far our capacity to 27 comprehensively assess the relative importance of other potential drivers of biodiversity effects. 28 2. Here, we conducted a grassland diversity-productivity experiment to test how four potential 29 facets of biodiversity effects, namely species richness, functional diversity, species identity and 30 the relaxation of intraspecific competition, account for variations in above and root biomass 31 production. 32 3. We grew six plant species in monoculture, as well as in every combinations of two, three and 33 six species. Plant density was kept constant across the richness gradient but we additionally 34 grew each species in half-density monoculture to estimate the strength of intraspecific 35 competition for each studied species. We characterized eight functional traits, including root 36 traits, related to nutrient and light acquisition and computed both the functional dissimilarity 37 and the community weighted mean (CWM) of each trait. We further partitioned aboveground 38 biodiversity effect into complementarity and selection effects. 39 4. We observed strong positive biodiversity effects on both aboveground and root biomass as 40 well as strong positive complementarity effect. These arose largely from the presence of a 41 particular species (Plantago lanceolata) and from CWM trait values more than from a higher 42 functional dissimilarity in plant mixtures. P. lanceolata displayed the highest intraspecific 43 competition, which was strongly relaxed in species mixtures. By contrast, the presence of 44 Sanguisorba minor negatively affected the productivity of plant mixtures, this species suffering 45 more from interspecific than intraspecific competition. 46 5. This study provides strong evidences that the search for key species is critical to understand 47 the role of species diversity on ecosystem functioning and demonstrates the major role that the 48 balance between intraspecific and interspecific competition plays in biodiversity-ecosystem 49 functioning relationships. Developing more integrative approaches in community and 50 ecosystem ecology can offer opportunities to better understand the role that species diversity 51 plays on ecosystem functioning. 52 53 Key words: biodiversity-ecosystem functioning, complementarity effect, functional trait, 54 functional distinctiveness, niche difference, roots, selection effect, species coexistence 55 56 57 58 59 60 61 62 63 64 65 Because ecological niches are theoretically linked to a suite of functional traits (Violle 91 & Jiang 2009), functional traits appear to be a promising tool for understanding diversity-92 productivity relationships. On the one hand, differences in functional traits (functional 93 dissimilarity) can reflect differences in the use of resources that allow species to partition the 94 local pool of resources and avoid interspecific competition (Violle et al., 2012). For instance, 95 differences in the vertical distribution of roots among species allow the capture of water and 96 nutrients at different soil depths. On the other hand, the functional traits of dominant species in 97 plant mixtures can be approximated using the community weighted mean (CWM) of functional 98 trait values (Garnier et al., 2004; Diaz et al., 2007). It has been argued that functional 99 dissimilarity can mediate the complementarity effect while CWMs can mediate the selection 100 effect by highlighting the role of the dominant species on ecosystem functioning (Cadotte, 101 2017). Disentangling the respective influence of both processes through a trait-based approach 102 thus requires using a set of traits that are directly linked to species' resource use and competitive 103 ability. For instance belowground, this requires studying root traits that reflect how species 104 develop specialized strategies to explore the soil volume (e.g., deep root fraction, specific root 105 length, root inter-branch distance) and to extract water and nutrients (e.g., root hair length,
Introduction 66
Although numerous plant diversity-ecosystem functioning experiments have reported 67 positive effects of plant species richness on ecosystem productivity (e.g., Tilman et al., 2001;  to ensure realistic growth conditions for plants. The soil was a calcareous sandy loam (pH = 164 8.5) with rather low organic matter content (9.7 g.kg -1 ), cation-exchange capacity (0.5 g.kg -1 ) 165 and total N content (0.5 g.kg -1 ). At the start of the experiment, in November 2015, a soil leachate 166 solution was added to ensure the presence of symbiotic N2-fixing bacteria in the pot. Pots were 167 watered three times a week to provide moisture conditions close to field capacity in the soil 168 profiles; this corresponded to 0.1L of water at the start of the experiment and 0.6L at the end in 169 order to account for increasing plant demand. In addition, all pots received three soil 170 enrichments (after 1, 4 and 9 weeks) in phosphorus (P) and potassium (K) in increasing amount 171 over time for a total of 10 g P m -2 and 24 g K m -1 . Note that nitrogen was not supplied so that it 172 remained the main limiting resource for plant growth. We randomly placed pots on wheeled 173 carriages and avoided side effects by rearranging carriages every two weeks. 174 Biomass measurements 175 Plants harvest took place 13 weeks after seedling transplantation after all species had 176 shown first signs of flowering. We cut aboveground parts of plants at the base and separated the 177 six plant individuals to measure aboveground biomass of each individual plant. We evaluated 178 root biomass of each pot after splitting the column of soil in three equal cylinders, each 20 cm 179 long, and careful retrieving and washing roots from each cylinder. Plant material was oven-180 dried at 60°C for 48 h and weighed. 181 Trait measurements 182 We measured three aboveground traits and five belowground traits related to both 183 nitrogen and light acquisition. For each trait, the detailed protocol is presented in Freschet et al. 184 (2018). Briefly, three weeks before harvest, we measured light-saturated leaf photosynthetic 185 rate per area (Aarea, µmolCO2 m -2 s -1 ) -that provides the leaf maximal photosynthesis capacity -186 on one individual per monoculture pot by quantifying the amount of C accumulated in a leaf 187 exposed to a high light intensity for several minutes (C influx vs efflux). One week before the experiment harvest, we recorded the maximum height (cm) achieved by all plant individuals in 189 all pots. Plant height is a good proxy for light depletion through the canopy (Violle et al. 2009). 190 Specific leaf area (SLA, m².kg -1 ) was assessed at harvest based on two to four leaves (depending 191 on the species) from each plant individual that we immediately scanned for leaf area 192 measurement. Specific leaf area corresponds to the area of light capture per biomass invested 193 in leaves and is related to the fundamental trade-off existing between species acquisition and 194 conservation of resources (Garnier & Laurent 1994) . 195 Root functional traits were measured from monoculture pots only because of the 196 difficulty and labour associated to separating roots among species in mixture pots. A subsample 197 of roots was used to determine root length, mean root diameter and the proportion of very fine 198 roots (<0.2 mm) using a digital image analysis system (WinRhizo, version 2009, Regent 199 Instrument, Québec, Canada). Deep root fraction (DRF), which reflects the relative investment 200 of species to take up nutrient from the deeper soil horizons, was estimated as the ratio of root 201 biomass deeper than 20 cm to total root biomass. Root inter-branch distance (RID, cm) is a 202 measure of root cost-efficiency to explore large soil volume (rather than exploit soil volume 203 intensively) and was quantified as the average distance between first order roots. Specific root 204 length (SRL, m.g -1 ) was estimated as the ratio of root length to root dry mass to represent the 205 cost-efficiency of roots to explore and/or exploit soil volume. A second subsample of roots was 206 stained with methyl violet in order to make root hairs visible and measure root hair length (RHL, 207 mm) on 10 randomly selected first order roots, over stretches of 1 mm roots situated 2 mm away 208 from the root tips, using ImageJ software. Root hair length is a proxy for the soil volume 209 explored around the root. Finally, we used one replicate (pot) from the six species in 210 monoculture to measure specific root nitrogen absorption rate (Nabs), which reflects the short-211 term maximum nitrogen uptake capacity per unit root length. We calculated Nabs as the total 212 amount of 15 N taken up by plants after injection of different forms of 15 N in the soil, per length 213 of fine root and per h (µg 15 N m -1 h -1 ).
214
Biodiversity effects 215 We quantified the biodiversity effect (ΔY), which is the performance of plant mixture 216 relative to that expected from monocultures, separately for aboveground and root biomass 217 production. Then, following the equation proposed by Loreau & Hector (2001) 
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Effects of species richness on plant aboveground and belowground biomass production 289 Among all mixtures, aboveground productivity was the main fraction of plant biomass 290 production ( Fig. 1a, b) , accounting for c. 70% of the biomass produced per pot. Aboveground 291 biomass significantly increased with species richness (P < 0.001, r² = 0.08) while root biomass 292 did not (P = 0.17, r² = 0.01; Supplementary Table S2 ). Most importantly, both mean 293 aboveground and belowground biodiversity effects (ΔY) were positive at all species richness 294 levels ( Fig. 1b ). However, they did not increase with species richness (P = 0.09, r² = 0.02; P = 295 0.70, r² = 0.01 for aboveground and belowground net effects, respectively; Table S2 ).
296
The additive partitioning of aboveground biodiversity effect (ΔY) revealed that among 297 all mixtures, complementarity effect was the main fraction of ΔY ( Fig. 1c ), accounting for ~ 298 83% of aboveground ΔY. Complementarity effect did not increase with species richness (P = 299 0.34, r² = 0.01; Table S2 ) while the selection effect did (P = 0.02, r² = 0.04; Table S2 ).
300
Removing the six species mixtures from the analyses did not change the effects of 301 species richness on aboveground biomass production, aboveground and belowground 302 biodiversity effects and complementarity effects (Table S2 ). However, root biomass 303 significantly increased with species richness while the positive effect of species richness on 304 selection effect disappeared when the six species mixtures were removed from the analyses 305 (Table S2 ).
306
Stronger effects of CWMs compared to functional dissimilarity and functional group diversity 307 production was the CWM of the studied traits (Table 2) . After controlling for species richness 309 effect, CWMSLA and CWMAmax exerted a strong influence on all the components of biomass 310 production -except the selection effect (Table 2) . Productivity, biodiversity effects and 311 complementarity effect consistently decreased with CWMSLA and CWMAmax ( (Table 2 ). The only exception was the presence of leguminous species that exerted a negative 318 effect on root productivity in plant mixtures (P < 0.001). The ΔAIC analysis also revealed that 319 functional dissimilarity slightly affected plant productivity and biodiversity effects ( Table 2) .
320
After controlling for species richness effect, root productivity significantly increased with 321 FDisHeight, FDisSRL and FDisNabs (Table 2 ; Fig. S4 ). Finally, aboveground net effect, 322 belowground net effect and complementarity effect significantly decreased with FDiRID (Table   323 2; Figs. S5 and S6).
324
Key species associated to changes in productivity 325 The presence of P. lanceolata in the mixture was the principal driver of change in Table 2 ). All these components of biomass production were 330 significantly higher when P. lanceolata was in the plant mixtures (Fig. 2) . The presence of S. 331 minor and T. repens in plant mixtures also markedly affected biomass production. Aboveground 332 and root productivity, net effects and complementarity effects were lower in presence of S. 333 minor while the selection effect was higher. Aboveground productivity was higher in the 334 presence of T. repens while root productivity and selection effects were lower (Fig. 2) .
335
Nevertheless their influence on net effects, complementarity and selection effects were 336 substantially (from two to ten times) lower than to those of P. lanceolata (Table 2) .
337
Species-specific effect and intraspecific competition 338
Species' logarithmic response-ratio calculated based on aboveground biomass 339 production was positive for all species (Fig. 3) , meaning that biomass production was in average 340 higher in half-density plots for all species. However, we found significant differences between 341 species (ANOVA, F=41.3, P < 0.001), mean logarithmic response-ratio being the highest for P. The significantly higher aboveground and root biomass production observed here in 359 plant mixtures compared to monoculture is a common pattern in biodiversity-ecosystem 360 functioning studies (e.g., Tilman et al., 2001; Cardinale et al., 2012; Lefcheck et al., 2015) . We Supplementary Table S3 ). Another reason may be that we computed 379 functional dissimilarity in plant mixtures based on mean species trait values in monoculture.
380
Doing so, we did not account for intraspecific trait variations, which can vary in conditions of 381 competition and affect resource uptake (e.g., belowground, Mommer, van Ruijven, Jansen, van 382 de Steeg & de Kroon, 2012; Schenk, 2006) . However, aboveground, accounting for 383 intraspecific trait variations in plant height and specific leaf area, both traits being measured at 384 the individual level, did not change the results (see Supplementary Table S3 ). Overall, given approach to understand the relationships between biodiversity and ecosystem functioning. 409 We found a disproportionate contribution of one species, Plantago lanceolata, on the understand biodiversity-ecosystem functioning relationships (Turnbull et al., 2013 (Turnbull et al., , 2016 .
462
Accounting for non-linear species-specific density-productivity relationships will be critical to better than the baseline model that only accounts for species richness (M0). Bold values correspond to models that have been selected according 725 to the difference in AIC between M0 and M1i (i.e. ΔAIC, see Table 2 ). 
